Stable ultra-broadband pulse generation via Kerr-lens mode locking (KLM) paves the way for scientific explorations in many fields, such as optical metrology, study of ultrafast dynamics, and nonlinear light microscopy. For example, Ti:sapphire laser oscillators, capable of generating octave-spanning spectra with potentially close-to-single-cycle waveforms, have been employed as optical flywheels providing a very precise timing reference [1] , and to study waveform-sensitive interactions with solid-state nanostructures [2] . Despite the experimental demonstrations of octave-spanning spectra from Ti:sapphire oscillators, the intracavity spatiotemporal pulse dynamics has not been completely understood and optimized, and the pulse characterization still remains challenging. Although the use of double-chirped mirror (DCM) pairs provide octave-spanning dispersion compensation, the residual dispersion oscillations, originating from the chirped mirrors, play adverse roles in few-cycle KLM dynamics. Residual intracavity phase oscillations tend to generate satellite pulses, which hamper the onset of stable mode locking. Moreover, the interplay between such residual phase oscillations and optical Kerr nonlinearity limits the output spectral bandwidth, as well as leading to strong modulations in both longitudinal and spatial modes. Therefore, the improvements of the output spectrum, beam quality, and mode-locking stability require a more precise intracavity dispersion control. A phase-optimized cavity has been designed and fabricated delivering <0.1 rad of intracavity residual phase over the whole resonating bandwidth of 0.65 μm -1.14 μm. Fig. 1(a) shows the experimental spectrum (blue), in excellent agreement with the numerical simulation (grey), from the optimized cavities with 5% output coupling, as well as the previous state-of-the-art output, having a 3.6-fs transform-limited (TL) pulse duration (green). >10-dB enhancements in power spectral density around both the center gain region and 1140 nm are obtained, suggesting the improvements in terms of both power and precision locking control to be beneficial for the use as optical frequency comb. In the time domain (see the inset of Fig. 1(a) ), a compressed pulse with 4.3-fs duration (3.9-fs TL from the 5% spectrum) is characterized by a newly designed two-dimensional shearing interferometry (2DSI) scheme. Instead of chirping two replicas of the initial pulse [3], the narrowband ancillary pulses are generated by means of inteference filters inside a Michelson interferometer featuring a piezo-controlled arm length, allowing to generate the 2DSI fringe pattern shown in the inset of Fig. 1(b) . The filtering approach, avoiding stretchingratio calculations, gives a precise control over the shear frequency that plays a key role in the reconstruction of the electric field. In addition, the simplicity in choosing the wavelengths of the ancillae just by replacing the filters makes our 2DSI setup flexible to characterize pulses with different parameters. A better result toward single-optical-cycle pulses is expected for optimized cavities using 1% output coupling. The compressed pulses will be used to study field-controlled, carrier-envelope phase-sensitive photoemission from arrays of tailored metallic nanoparticles [2] . We will provide experimental results and detailed discussions in the presentation. Fig. 1. (a) The experimental spectrum (blue), in excellent agreement with the numerical simulation (grey), from the optimized cavities with 5% output coupling, as well as the previous state-of-the-art output with a 3.6 transform-limited (TL) pulse duration (green). The inset shows the pulse (blue) retrieved using the novel 2DSI setup, 4.3fs, compared with the TL one (red), 3.9 fs. (b) The experimental spectrum (blue) with optimized 5% output coupling and the measured phase (red). The acquired 2DSI traces are shown in the inset as well as the retrieved group delay (red).
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